peaks was confirmed, in each case, for five randomly selected samples which were analyzed by GC-MS. Although there is no linear, quantitative correlation between the amounts of 3-hydroxyisovaleric acid and isovaleryl glucuronide, it is apparent that isovaleryl glucuronide is more likely to be excreted when the amount of 3-hydroxyisovaleric acid is high. For example, as can be seen in Table 1 , when the amount of 3-hydroxyisovaleric acid was greater than 0.26 mg/mg creatinine, isovaleryl glucuronide was present in seven out of eight samples. When the amount of 3-hydroxyisovalenc acid was equal to or less than 0.26 mg/mg creatinine, isovaleryl glucuronide was present in only 23 of 64 samples. Table 2 shows that the average amount of 3-hydroxyisovaleric acid was more than five times greater in those samples that contained isovaleryl glucuronide, whereas the amount of isovalerylglycine was roughly equal in both groups. The data therefore does indicate that glucuronide conjugation of isovaleric acid is more prevalent when the glycine conjugation system is saturated. It should be noted, however, that of the 49 samples which contained no measurable amount of 3-hydroxyisovaleric acid, 18 contained isovaleryl glucuronide in varying amounts ranging up to 0.54 mg/mg creatinine (see Table 1 ). There may be other factors involved in the stimulation of the glucuronide detoxification mechanism. Nevertheless. glucuroiide conjugation appears to be assuming the role of a secondary, yet important, detoxification mechanism in isovaleric acidemia.
Summary hyperplasia and hypertrophy. Sucrase specific activity of the
To evaluate the role of artificial feeding and natural feeding in early growth of enteric mucosa, we determined enteric mucosal mass, protein and DNA content, and disaccharidase activities in beagle puppies at birth, and after 24 h of either natural or artificial feeding. Despite similar increases in body weight over the first 24 h of life, neither mucosal mass, DNA content, nor protein content of the artificially fed animals was different from that of newborn animals. In contrast, mucosal mass of the suckled animals was 75% greater, DNA content was 56% greater, and rotei in content was 93% greater than that of newborn animals. suckled animals was less than that of the artificially fed but not the newborn animals. Other disaccharidase activities were not different among the three groups.
These data extend the findings of Widdowson et al. (25) to another species and demonstrate that this rapid enteric growth over the first day of life results only from natural feeding. They strongly suggest, therefore, that rapid early enteric growth, mediated perhaps by a factor in natural milk that stimulates enteric mucosal growth, is an important heretofore unappreciated phase of intestinal development.
The mucosal p r o t e i n /~~x ratio of the suckled animals was greater than that of newborn, but not artifically fed animals. The
In contrast to the well described alterations that take place greater DNA, protein, and protein/DNA ratio in this group immediately after birth in many organ systems (i.e., the cardiosuggest that the greater mucosal mass is a result of both cellular vascular and respiratory symptoms), very little is known about the changes, if any, that occur in the gastrointestinal tract at birth when it assumes sole responsibility for the newborn's nutritional needs. One of the few studies concerning the changes in this organ immediately after birth is that of Widdowson et al. (25) . In that study the enteric mucosa of normally suckled piglets increased markedly in mass during the first 24 h of life but did not change in piglets given only water during this period. Based on current concepts concerning regulation of mature enteric mucosa, the difference in response between these two groups of animals can be explained by the fact that the suckled animals in which growth occurred were fed whereas those animals in which no growth occurred were starved (22) . Alternatively, growth could be due to the secondary release by feeding, but not by water, of one or more of the gastrointestinal hormones and/or secretions that have been implicated as regulatory factors in growth of intestinal mucosa (1, 2, 13, 15, 20, 24) . On the other hand, the fact that the animals in which the marked mucosal growth was observed were suckled, not merely fed, raises the further unexplored possibility that natural feeding may be important in the control of enteric mucosal mass during early life. This possibility is suggested also by studies demonstrating that the natural milk of several animal species, including humans, contains one or more factors which stimulate growth of various types of cells in vitro (6, 18) .
This study was undertaken to determine if the intestinal mucosa of the beagle puppy, like that of the pig, undergoes similar growth over the first 24 h of life and whether this growth occurs with artificial feeding as well as with natural feeding (i.e., suckling). In addition, the nature (i.e., hyperplasia versus hypertrophy) of enteric mucosal growth during the first 24 h of life was determined.
MATERIALS AND METHODS
Animals and tissue preparation. Pregnant beagles less than 5-yr-old (Marshall Research Animals, Inc., North Rose, NY) were delivered to the animal care facilities of Columbia University College of Physicians and Surgeons at least 2 wk before the expected date of delivery. On arrival, they were placed in separate cages equipped with a whelping box and allowed free access to both a standard high protein ration and water. At delivery, newborn animals were separated from the mother, weighed, and kept warm until the entire litter (six to eight puppies) was born. Animals weighing more or less than 1 standard deviation from the mean weight of the litter were excluded from further studies; however, they were allowed to remain with the mother if necessary to maintain a litter size of four to six puppies. Animals meeting the weight criteria were assigned randomly either to be studied immediately (n = 5), returned to the mother and allowed to suckle normally for 24 h (n = 5), or removed to a temperaturecontrolled room (27-30°C) and fed artificially for 24 h (n = 5). No more than two puppies per litter were assigned to a group. Usually, in fact, only one puppy per litter was assigned to each group.
Animals selected for study after 24 h of normal suckling remained with the mother in litters of four to six animals and were allowed to suckle a d libitum. Animals selected for study after 24 h of artificial feeding were fed every 2 h by nipple with sterilized formula (Esbilac, Borden Co., Columbus, OH) in amounts calculated to provide an energy intake of 180-200 kcall ( k g d) and a protein intake of 12-13 g/(kg d).
At the time of study (immediately after birth or 24 h of the assigned feeding regimen), animals were weighed and then decapitated. The small intestine from the ligament of Treitz to the caecum was removed as quickly as possible and its length measured using a tractional weight of 10 g. This portion of the intestine was divided into five segments of equal length. Each segment was placed over ice, opened longitudinally, sponged with gauze to remove intestinal contents and scraped with a glass slide, always by the same investigator, to separate mucosal and nonmucosal tissue. These tissues, in turn, were placed in separate tared containers and weighed. The mucosal portion was frozen immediately in a dry icelacetone mixture and then stored at -70°C. Other portions of the gastrointestinal tract (esophagus, stomach, duodenum, colon) were removed, opened longitudinally, sponged with gauze to remove their contents and weighed in toto. The liver and kidneys also were removed and weighed after sponging and dissection of adherent fat and connective tissue.
Chemical methods. Protein and DNA content as well as disaccharidase activities of the mucosal portion of the first, third, and fifth intestinal segments (proximal jejunem, mid-intestine, and distal ileum, respectively) were determined. For these analyses, the frozen mucosa of each segment was homogenized in cold 0.9% NaCl using a glass-teflon homogenizer and the resulting homogenate was separated into appropriate aliquots for each assay. Statistical analysis. Statistically significant differences in any variable among the feeding groups were detected by analysis of variance. If a statistically significant difference was detected by this analysis, Student's or Dunnet's t test was used to detect the group in which the variable was different.
RESULTS
As shown in Table 1 , neither body weight, weight gain, nor the weight of non-intestinal organs of the suckled and artificially fed groups of animals was different either from each other or from that of newborn animals. In contrast, the weight of the stomach and duodenum of the suckled animals was greater than that of newborn animals, and the weight of the remaining small intestine (i.e., from the ligament of Treitz to the caecum) of these animals was greater than that of either newborn animals or animals that were fed artificially for the same period. The greater small intestinal mass of these animals was due entirely to a greater mucosal mass; neither length nor weight of the nonmucosal portion was different from that of either newborn or artificially fed animals. As shown in Figure 1 , the greater mucosal mass was apparent in all except the most distal 20% of the small intestine (i.e., the terminal ileum). Mucosal mass of this segment was not different from that of either newborn or artificially fed animals.
Mucosal DNA and protein content mirrored mucosal weight (Table 2) . Bbth were greater in suckled animals than in either t Significantly different from newborn (P < 0.01).
$ Significantly different from both newborn (P < 0.01) and artificially fed (P < 0.05).
3 Significantly different from both newborn (P < 0.01) and fed artificially (P.< 0.01). newborn or artificially-fed animals. Despite the greater mucosal mass of the suckled animals, disaccharidase activities did not differ markedly among the three groups ( Table 3 ). The only statistically significant difference in enzyme activity was a lesser sucrase specific activity in suckled compared with artificially fed animals. Although not statistically significant, lactase and maltase specific activities also tended to be less in this group. Despite possibly lower specific activities, total activity of all disaccharidases, because of the greater mucosal protein content, was greater in the suckled animals.
DISCUSSION
The data reported here indicate that only natural feeding during the first 24 h of life results in a dramatic increment in weight as well as protein and DNA content of the small intestinal mucosa of the beagle puppy. The greater DNA content indicates that the mucosal growth is the result of epithelial cell hyperplasia; however, the protein/DNA ratio of some segments is also greater indicating an element of hypertrophy as well.
This marked growth of enteric mucosa over the first day of life may represent a phase of intestinal development that has not been appreciated fully. Although numerous studies in a variety of animal species have delineated changes in enteric mucosal mass, turnover, and enzyme activities from the first 7-10 d of life to weaning (19) , the changes that occur immediately after birth have received little attention. The data reported here on beagle puppies therefore, along with those of Widdowson et al. (25) on piglets and Berseth et al. (5) on rats, challenge the prevailing concept that enteric mucosal development is relatively quiescent during the entire neonatal period. Rather, in these three species there appears to be an early period of rapid growth. Presumably, this is followed by a relatively quiescent period and then by marked changes at the time of weaning. Further, in contrast to the seemingly pre-programmed and diet-independent changes that occur at the time of weaning, these early changes in the beagle occur only in naturally fed animals. No growth of enteric mucosa was observed in artificially fed animals.
The possibility that this dramatic difference in mucosal growth between naturally fed and artificially fed animals results from differences in intake and/or method of feeding cannot be excluded with certainty; however, this is unlikely. First, although weight gain during this period was minimal, neither weight gain nor body weight of the suckled and artificially fed groups was different. Second, we demonstrated that the intake of artificial formula provided [200 kcal/(kg . d)] produces growth equal to that of suckled puppies (14) . Third, despite marked variations in 18.0 + 1.9
*Significantly different from both newborns (P < 0.01) and fed artificially (P < 0.0 1).
t Mean of the ratios for each animal.
$ Significantly different from newborns (P < 0.05). * Significantly different from fed artificially (P < 0.05).
both overall growth and enteric mucosal growth, there was no correlation between total weight gain and mucosal weight. Because little is known about the micronutrient composition of canine colostrum, it is possible that the intakes of some nutrie n t (~) were different. In addition, differential effects of the method of feeding (i.e., suckling versus artificial feeding) cannot be excluded (26) . Despite these uncertainties, it seems more likely that the differences between naturally fed and artificially fed animals are related directly to one of the trophic factors known to be present in colostrum and/or milk (6, 18) . One possibility is epidermal growth factor, which has been found in the milk of every species examined. This peptide stimulates proliferation of several cell and organ culture systems in vitro, including gastrointestinal epithelium (3, 7, 8) . It also increases ornithine decarboxylase activity (an index of protein synthesis) of intestinal mucosa in vivo (10) . Another possibility is taurine which, as demonstrated recently by Gaul1 et al. (12) , is mitogenic for cultured lymphocytes. Because the taurine concentration of canine milk is relatively high and the artificial formula contains virtually none, it is likely that the intraluminal taurine concentration of naturally fed animals is higher than that of artificially fed animals. It remains to be proven whether or not this probable difference in intraluminal taurine concentration or the presence in natural milk of specific trophic factors accounts for the greater mucosal growth of the naturally fed animals.
Many other factors, both hormonal and non-hormonal, are known to influence enteric mucosal mass and enzyme activities of newborn as well as adult animals. Of the hormonal factors, gastrin has been the most extensively studied (16, 17) . Berseth et al. (4) , in fact, observed higher serum levels of gastrin in beagle puppies suckled normally for 2 d than in puppies fed artificially. Although natural milks are not known to contain gastrin and although there is no reason to expect that natural feeding results in greater serum gastrin levels than artificial feeding, the higher serum gastrin concentration and the greater enteric mucosal mass of suckled animals suggest a cause-and-effect relationship. Nonetheless, the importance of gastrin in early intestinal development remains to be determined.
A number of non-gastrointestinal hormones known to be present in natural milks (i.e., thyroxin, corticosteroids) enhance maturation of enteric mucosa (23), but the enteric mucosal growth observed in the suckled animals was not accompanied by maturational changes (i.e., changes in the specific activity of mucosal disaccharidases). It is unlikely that the greater mucosal growth of suckled animals was mediated by one of these agents. Pancreatic and biliary secretions are examples of non-hormonal factors which exert trophic effects on intestinal mucosa (1, 2) . For example, diversion of the contents of the intestinal lumen of rats decreases the proliferative enteric cell pool, reduces enteric cell shedding, and markedly decreases labeling index. The fact that these changes are reversed by duodenal perfusion with sodium taurocholate (24) suggests that bile acids may exert a particularly important influence on enterocyte kinetics. With respect to the mechanism of the enteric growth reported here, however, there is no evidence that natural milk stimulates biliary secretions to a greater extent than artificial formula.
In conclusion, the data reported here show that the enteric mucosa of naturally fed but not artificially fed beagle puppies undergoes marked growth over the first 24 h of life. It seems likely that some factor (or factors) present only in natural milk is responsible for this marked growth. Although the precise mechanism remains to be determined, this effect on the intestine during the immediate neonatal period undoubtedly plays an important role in adaptation of the newborn beagle puppy to extrauterine life. Similar effects of natural feeding on other species [i.e., the rat ( 5 ) and the pig (25) ] suggest that natural feeding may be important in adaptation of all species to extrauterine life. SEPTEMBER 3-5, 1984 Royal Dublin Society, Dublin, Ireland Topics include antenatal fetal assessment, monitoring the baby during labor, asphyxia1 brain damage, and the contribution of perinatal physiology to clinical practice. The program is designed to highlight areas of current controversy and debate.
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